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Abstract 
User equitable planning of public transport (PT) is an essential requirement in order to achieve an appropriate accessibility and 
attractiveness. PT planning requires traffic-related data (e.g. source-target relationships) which is not available in many cases. 
Therefore Austrian nationwide mobile network data is used for analysis of large-scale transport relations. The research project 
SOMOBIL deals with the derivation of methods that enable the development of user-orientated planning solutions on the basis of 
floating-phone data in coordination with other available transport and mobility data for a defined area of interest. Traffic 
relationships of the users of public transport are analysed. Within the project, the different data sources are merged. This 
approach allows the visualisation of traffic relations for different modes of transport. An essential task is the development of 
algorithms for the identification of PT passengers. With these data, planning solutions are developed according to defined 
requirements, differentiated by both traffic hours and user-groups. In doing so, traffic modelling as part of at least three different 
planning scenarios is carried out to calculate the impacts of measures in terms of shifting users between different modes of 
transport. Positive impacts due to this planning process can be produced in terms of optimized travel times. Recommendations 
are given for the planning of public transport with floating-phone data and the use of transport modelling.  
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1. Introduction 
Road authorities as well as public transport agencies are using traffic data from various sources in order to 
estimate traffic trends. Public transport agencies face challenges such as low frequented routes or missing 
connections between locations and have to react to existing problems, instead of having the pro-active opportunity 
to provide new possibilities for their customers. Changing behaviour of resident population is also leading to 
changing traffic behaviour and new forms of shared transportation. Adaptions of existing routes are therefore needed 
to fit the claims of a changing world. 
In order to support works on this planning process, nationwide datasets of mobile phone devices are used to 
estimate future traffic trends. These requirements are gained throughout various steps, featuring accuracy, reliability 
and a wide coverage. 
Generating the data out of cellular network signalling events made it possible to represent the mobility of mobile 
devices across a cellular network. Mobile phones are in a constant information exchange with the cellular core 
network in order to be accessible. This exchange contains information about the user´s location. While this location 
information is not accurate in terms of the actual position of the users, it is still accurate enough to determine the 
traveller path of the user. By collecting this data, which is properly anonymized by the provider to preserve citizens’ 
privacy, it can be used for traffic and PT planning purposes amongst other scenarios. 
 
While the concept of using floating-phone data is not entirely new in the field of transport research according to 
the results of Elias et al. (2012), Janecek et al. (2012) and Ruhrup et al. (2012) the current ongoing research project 
SOMOBIL is a further step into detailed surveys on how such data can be used in public transport planning. By 
offering supporting tools for their planning systems, a cost saving and sustainable planning process can be 
established. With cooperation between public transport associations, as well as members of participating agencies of 
the state government it is possible to gain additional information by the public transport agencies, as well as to gain 
further knowledge of what they expect from a user-edible program that can help them to plan and optimize their 
route network.   
Key objective of the project which is sponsored through the second tender of the Austrian R&D call Mobilität der 
Zukunft of the FFG is therefore the identification of traffic relationships as cause position for public transport 
planning. This is done on a predefined area of research. New methods are analysed and tested to gain holistic 
information on traffic relationship of floating-phone data. A software program is developed that is able to easily 
visualize the data and is capable of selecting specific regions, user groups and paths to analyse the amount of traffic 
moving through it.   
1.1. Data structure 
The data is provided from an Austrian telecommunication company. It consists of anonymized user ID-numbers, 
the GPS position of the detecting mast and the time amongst other attributes. The advantage of such data is that it 
can be extracted on a national level and therefore it is possible to see connections between different regions at an 
optimized level of detail. While this is possible on a daily base, it is not possible to track the same user for more than 
one day, since the user´s identity number changes every day for security reasons. 
The information of the movement for each user is gained by the difference of location and time, making it 
possible to trace the route as well as the travel time, average speed, and further information. The main advantage is 
that this is done for all users, for the same time over the entire field of research, giving access to several ten-
-thousands of unique users for each hour. It is therefore possible to demonstrate an entire traffic situation not only on 
a selected area, but on the entire surrounding area too. A holistic overview can be established. Detailed information 
is therefore not kept in one place, and hence unseen connections between different areas can be detected. 
Furthermore there is the possibility of creating a source-target matrix, where the whole area comes into view. 
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Additionally transit users can be filtered from an area under research by scaling the view. The scalability gives the 
operator the possibility to focus on a specific area, in addition with valuable data on a different scale level.  
There are two main groups of users which can be distinguished: users which have an active call or a similar event 
going on; and users which do not. While it can be said that active users are registered with their current time on each 
mast on their specific route, passive users are only detected at location area changes. These are events when the user 
is detected by a neighbouring location area. This difference of user activities leads to a different level of detail. 
Connecting the detailed information of active users with the blurred information of those who are passive is also 
addressed within this research project. With a broad diversity of comparison tools, it will be possible to tell the 
actual used route not only for the active users, but also for the passive users, who do not feature the same level of 
detail in their data set, as the distance between the detecting masts is much higher than those of active users. A fuzzy 
logic approach is established which detects users from the same origin and time and compares them not only with 
each other but also with further datasets, like the public transport timetables. 
1.2. Area of research 
The area of research has been defined together with participating Austrian agencies of the state government and 
transportation associations. The border between upper and lower Austria as well as the surrounding area define the 
area used to test and quantify the data. Featuring populous urban areas, as well as low density rural and mountainous 
areas, every aspect of diversity could be incorporated. Whereas the flat landscape features routes in all directions, 
the connections between masts in mountainous areas are limited and the user´s movements are canalized into 
valleys. 
Containing major trans-Austrian motorway and railway routes in connection with small federal streets a broad 
spectrum of traffic behaviour could be analysed. 
2. Project delivery 
SOMOBIL deals with the derivation of methods that assist the development of user-orientated planning solutions 
on the basis of floating-phone data in coordination with other available transport and mobility data for a defined area 
of interest. 
2.1. State of the Art  
Traffic concept and planning solutions for spacious surveys and public transport systems are generally based on 
traffic data which is not up to date at the time of planning. Created by random sample surveys on residents routing 
behaviour and on spot traffic counts, they do not offer a holistic overview of the situation. It is therefore only 
possible to see one puzzle piece of the entire situation, without the possibility to get access to nationwide traffic 
relationships as well as modal changes within a citizen’s travel behaviour. Classic surveys are costly in terms of 
money and human resources. Nevertheless these surveys are still used for the majority of planning exercises due to 
missing alternatives.    
With the use of mobility related user data, such as floating-phone data, it is possible to achieve a broad 
information gain. Examples for such gains are amongst others the analysis of traffic relationships, identification of 
transfer potentials based on the user behaviour, and detailed source-target relationships. 
Surveying international research projects dealing with floating-phone data it was found out, that a majority of 
them deals with the registration of the ongoing traffic status and traffic jam predictions. Examples of this can be 
found in Caceres et al. (2008) or Schlaich et al. (2010) amongst others. 
2.2. Derivation of the methods  
In comparison to the detailed approaches described above this project focuses on the definition of a holistic 
overview of the area of interest. Whereas this method is capable of representing large areas, it is not capable of 
providing any information of the user´s vehicle or similar attributes, as a traffic count with number plate recognition 
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would provide. Attributes bearing information about the user´s traffic type have to be estimated by self-defined 
algorithms. Establishing a predefined set of criteria made it possible to estimate the mode of transport the user is 
using. Defining this set of criteria is an ongoing process. Depending on the area of research the factors used in the 
model can be still adjusted to fit the occurring circumstances. The developed software is capable of dealing with 
these readjustments to offer flexible solutions. 
2.3. Derivation of the system  
The development of various algorithms was achieved with a broad spectrum of software programs. Spreadsheet 
applications, geographic information systems GIS and script writing tools were essential systems to create the 
different calculations and filters. The core features of each program were then transferred to develop an integrated 
approach using a combination of all programs mentioned above. 
 
Using mobile network data for the purpose of traffic modelling and planning requires an elaborative analysis and 
processing of the data. In the following we outline the data utilized in the project SOMOBIL as well as the particular 
transformation steps it has to pass through as a pre-processing step to derive traffic-relevant information from it. The 
basic workflow starting from processing the available input data to a subsequent derivation of traffic relations for 
mobile network users is depicted in Figure 1. The particular components of this pipeline are outlined in the 
following. 
 
 
 
 
 
 
 
 
Fig. 1.Workflow of the developed traffic modelling pipeline. Various types of input data are interleaved and processed within several 
transformation steps. The resulting data set is used as an input for the traffic modelling framework, which is used to derive traffic relations  
(e.g. source-target relationships) from the provided input. 
2.4. Data Provisioning 
We use data captured at the network interfaces of an Austrian mobile network operator, which provides 
a comprehensive and anonymized view on the ongoing network traffic. The data is available in a structured text 
format, and exhibits the following schema, whereas the particular elements are separated by a semicolon. 
 
Anonymous ID: Unique identifier of a mobile terminal. This identifier changes every day at midnight, i.e. 
a device can be followed for a maximum of 24 hours. 
 
Timestamp: The exact time of the occurrence of an event recorded by the monitoring system. Given in number 
of seconds since January 1st, 1970 00:00:00 UTC. 
 
Latitude/Longitude: Estimated position of the device generating the event in WGS84 coordinates. 
 
Radius: Maximum possible distance in meters between the actual position of the device and the recorded latitude 
and longitude values. The larger this value, the worse the accuracy. 
 
Input source: The source from which the event is captured. 
 
Data Provisioning 
Transformation 
Engine 
Traffic Modelling 
Framework 
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Event type: The type of event which has been detected (e.g. call establishment, cell handover). 
 
Angle/Speed: Heading and speed of the GPS device. In case of cellular data, this value is always 0. 
 
The transformation engine is responsible for transforming the available mobile network data in such a way that 
traffic-relevant information such as movement trajectories of particular network users or source-target relationships 
can be derived. Numerous transformation steps are required in order to bring the raw input data into the desired 
format. As the input data is provided in text format, we use scripting languages such as Perl and AWK, which are 
optimized with respect to process large and structured text documents, to implement the data transformation. They 
come with a wide range of pre-defined filtering and grouping functionalities and allow the integration of complex 
custom logic. We also examined the approach to hold the data in a relational database and use SQL to filter and 
transform the data, but a performance evaluation showed that the script approach was much faster than the database 
approach. Each transformation step is carried out by a single script, which in further consequence makes it possible 
to automate the transformation process while having the ability to fine tune or exchange certain filter steps. 
 
Simplification of raw data 
 
In order to reduce the size of the edited data, the original encrypted ID-number of the user was replaced with 
a shorter identification number. The GPS dataset was also reduced by giving each mast a unique serial-number. The 
advantage of this is not only the reduction of storage volume as well as a faster computing power, but also it gives 
the possibility to have a fast eye grasp by visual detection when using GIS applications or the self-developed 
software. 
 
Merging mast station within a certain radius 
 
Since the majority of mast locations contain the GPS set of a series of mast base stations within a small radius, 
with the sub information e.g. of their direction and type, this information was merged in order to 1) reduce the 
amount of data and 2) have a better holistic overview of user activities. The merging process affected nearby masts 
within a distance of 1 km. For rural mast locations with minimal distances in-between this approach helped to 
minimize the amount of network mobility artefacts that are mainly caused by the structure of the dataset. So called 
“ping-pong” effects, artificial data where the user travels between two or more masts within a few seconds, as well 
as other artificial effects were high in areas with masts close to each other. By compromising the information of 
several masts into one, all the information was concentrated in one location gaining the advantage of being able to 
compare high amounts of users with each other. The originated masts had a similar mean distance to the surrounding 
masts, establishing cells with a similar area. It can be said, that a small village was represented by a single mast, 
while a medium city had four to five, creating different zones for the city. Of course the original data can still be 
used instead of the simplified data in order to analyse the potential differences caused by the much more detailed 
mast localizations.   
 
Reduction of redundant information 
 
It often occurred that users were registered on the same spot more than once, leading to redundant information. 
By reducing the information to the start and end time of this event, all the important information about the user 
could be saved, and in the same moment the amount of data could be reduced. If a user was only detected once in 
the entire research area the user was also filtered, as there was no valuable information under that particular level of 
detail. 
 
Calculation of speed, mean-speed, retention time, travel distance 
 
For each user the average speeds, the travel distance as well as the retention time on the same location was 
calculated for each individual moment. In addition the mean-speed of the entire journey was calculated, which was 
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used in one of the following steps to detect deviations which could potentially be e.g. modal changes or waiting 
times. 
 
Detection of user peaks 
 
The combination of the same origin and destination with approximately the same travel speed as well as the same 
time of detection on the following mast was used as one of several indicators together with the fuzzy logic approach 
to differentiate between different modes of transport. 
 
Detection of multiuser movement and public transport corridors 
 
With the detailed routing information made accessible by the public transport partners it was possible to define 
links between the routes and corresponding masts. Those routes were then conveyed to mast arrays following the 
real public transport routes. The combination between user peaks and a plausible public transport mast array was 
used to detect users following certain lines. During the fuzzy calculations these users were then assigned as public 
transport users and will at a later project phase be verified by comparisons between time tables of the used public 
transport route with the travel time of the users as well as the registration time on the certain masts which were close 
to stops. 
 
The result of all transformations is a set of trips, representing the movement of each user along a certain path of 
locations in a chronological order. There can be multiple trips per user, whereas every trip is assigned a certain type. 
A trip can either be one of the following types: 
x IV: the user was traveling on an individual basis 
x OV-P: the user was probably using both individual transport and/or public transportation 
x OV: the user has a high change used public transportation 
This set of trips can be considered as a traffic flow overview and is used as an input for the traffic modelling 
framework. 
2.5. Identification of different modes of transport 
There are different techniques to identify modes of transport. One example for differentiation between individual 
traffic and public transport is the amount of users traveling at the same time along the same corridor. Trains or 
busses with several individual users consequently can be identified by the number of new users on a specific mast at 
the same time. Consequently a unique peak can be identified. To obtain a high level of accuracy peak events were 
compared with time tables of public transport system. 
In addition not only the peak itself was compared, but also if the users – which are part of a certain peak event – 
came from the same mast, or the same direction. 
 
Establishing a corridor system with the mast in either close relations or logical relations to existing bus lines, the 
individual users moving in close connections, for example motorway users driving the same speed, could be 
separated from public transport users. Without this a broad spectrum of users driving on high rank road networks 
would be determined as public transport users while they are not. 
While this differentiation works well on locations where the motorways do not intersect with an existing line, it is 
a challenge to distinguish the user transportation modes in areas where it does. This challenge was faced with the 
creation of the fuzzy logic approach, taking advantage not only of the information stored in the data but of the 
characteristic of the data itself. While the detection of public transport users on a highly frequented road is not 
possible to a satisfying level of detail on a micro level, for example several kilometres, a method was developed to 
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make it possible by calculating the relationship of the users to each other by using information such as the origin, 
driving behaviour, on a macro level. 
3. Creation of an end-user edible system  
In order to fit the needs of public transport associations a user friendly software tool was developed. The system 
can be used to visually see all route movements with information of amount of users, duration and other 
information. In addition the operator can select certain source location and see where the users of these certain areas 
are heading. Planners of transportation gain fast access to a broad perspective of detailed data, allowing them to see 
missing puzzle parts of their transportation network. Furthermore they can see existing public transport lines and 
identify disadvantages of existing routes. This is not only available to a small area, but to an entire region and 
beyond. Access to a complete overview as well as to see travel behaviours not only between two areas, but between 
many areas can be estimated, allowing new thinking with new possibilities. 
 
Traffic modelling framework 
 
The traffic modelling framework contains software implemented in the C# programming language and based on 
the Windows Presentation Foundation (WPF). It is composed of two independent modules, which are responsible 
for an automated controlling of the above mentioned transformation engine and data visualization respectively. Both 
components are described briefly in the following. 
 
Transformation controller 
 
The transformation controller is mainly responsible for automatically executing the particular data transformation 
steps by invoking the appropriate Perl and AWK scripts. It therefore provides a plain user interface that allows to 
specify input files and parameters required for data transformation as well as the destination of the created output 
files. The generated files can in further consequence be used as input for the traffic modeller module. 
 
Traffic modeller 
 
This module is used to visualize data generated by the transformation engine and alter it if necessary. The traffic 
modeller allows to filter out and select particular parts of the visualized data and to derive traffic relations from it. 
 
Visualization of traffic flows 
 
The traffic modeller displays the set of trips as provided by the transformation engine on a map. By selecting 
particular segments of the displayed trips, the user can retrieve additional information, such as the total number of 
users which have traversed a certain track section (their trips “overlap”). Additionally, the traffic modeller provides 
filtering controls that allow the selection of traffic flows based on their timely occurrence or their type. 
 
Derivation of traffic relations 
 
The main task of the traffic modeller is the derivation of traffic relations based on the input data provided. On 
that account it offers an export functionality to store a source-target matrix as well as an enumeration of segment 
loads in an Excel file. Whereas the source-target matrix depicts the number of trips starting and ending at the 
respective locations, the segment loads indicate how many users where traversing certain segments within the 
network during their trips. This export function can be used to extract the amount of users of different modes of 
transport and time periods (source-target matrices) as fundamental data source for traffic modelling exercises. 
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4. Outlook 
Due to the increasing number of flat-rate mobile phone contracts the amount of detailed information is 
continuously increasing since the amount of devices always connected with the mobile network is increasing too. 
The dataset available for the research project presented in this paper dates back to 2010 where mobile internet 
connection did not have the same penetration rate as it has today. In addition this penetration rate was even lower in 
rural areas. Nevertheless the approach was already able to identify different modes of transport. At the time of 
writing this paper, the end user software was therefore being tested and validated against reference data sources such 
as passenger counts and traffic counts. In future it will be possible to reproduce much more accurate user 
transportation habits as well as a more detailed view on existing routes.  
In the focus of the project the export function will be used to extract source-target matrices of different modes of 
transport and time periods which will then be imported into a traffic model. By means of traffic demand modelling 
three different planning scenarios will be developed for the participating agencies to evaluate the impact of measures 
in terms of shifting users between different modes of transport. 
Further activities in this R&D field will include analysis of newer datasets in order to achieve higher penetration 
rates of active users in order to establish a sustainable and economic style of public transport planning. In case of 
funding opportunities attempts will also be made to incorporate increasingly available alternative forms of mobility 
taking into account agent-based modelling systems which are recorded coordinates-based via statistical 
distributions. 
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